
SOLAR ARRAY F’A$SIVI’ F UNCXIC)NA1.  ‘l”FSTS

Af3STRACT

F’assivc functional tests are required tt} Il!(l’)ilo  IIIC
health of Mars f’athfirlder  solar arrays. 10 :1[.{ollllj![sll
this, a Solar Array GroLJnd Support Equi[mleilt  “Ic’, tlwci
(SAGSH)  was proposed with five passive IC:,IS  10 t,c
performed in sequence: p o s i t i v e  ancl rwf}:,livt  11.Is
isolation from substrate; solar array strin~ isolat,wi  fl(.,111
substrate; string blocking diode forward COll(i(J Ii:ll;
string blocking diode reverse leakage; arid darl. fo wiIrd
IV (DFIV)  curves of the solar array st(irlgs. It \+:as
e s t a b l i s h e d  t h a t  tlw DFIV  t e s t  cOLdd 1101. fa’.lly

discriminate a good cell string from a dar!~agc~~  (:cII
string. String capacitance measurements pruv((l  t<, tl( a
superior alternative, Both the DFIV  and ca~)ac;ita!lr.t 1( <ts
suffer f!om  one basic problem - the impact  c,f a ltIss c)f
cell area in one cell is reduced by the renlai(~irlo  seri(. s
cells in the string. However, tests showed a I(+c.l w cd
4.6 temperature sensitivity advantage and a fa( tor of 18
to ?2 cell area loss sensitivity advantage fm (;i+j,:,(;~\i]l  m

measurements. Using these findings ttw SA(~~;l  I i’:as
reconfigured to have seven passive tests. “1 II{’ I Jf I V ttsl
was deleted and three tests were adde(i: s~,l,+r arifiy
string continuity; string parallel capacita[lce;  aIId SII ir)g
series capacitance, All of these passive solar a! ra}  IC$.  IS
were successfully comp Llterized  using ttle Sfl.(i}’,1 I 111<
capacitance is measLwcd  as a component 01 h(Itl\  a t.c~i~,s
and parallel network which includes resista!l(  !? f:s tlw
other component. 1 hc series capacitance lcs1. II II Ilci3fIcf
arlglc may prove to bc as useful as tttc  ~.. fiIIa CIld’ICC

n~castJrement. Prol)lcIIIs  u s u a l l y  enc(Nilli  [r (,ci vl~tt I
cracked cells are not easily identified by a Iy  tyl)c  of
passive testing so a visLlal  inspection of aII :II<Iy IS ?~lill
rccornmcndccl.

IN1 RODUCTION

The Mars Pathfinder mission uses three diffc{[:ld  sIdaI
arrays - one for the cruise phase; onc for t t lr 1: :rld[’(i
phase; a n d  o n e  o n  t h e  independel)t Mlcr~,r(,\,c[
experiment. All three of these arrays arc bc~dy  1110.11 ~icd
and are assembled as part of their respc{. tivc stItI tLIfcs
early in the integration process, Early intc(lrai,lrt,~ lc,I[i,< to
two problen~s with tile solar arrays. I  ilst,  IIIC scda~
arrays are exposed to subsystem anti SVSII:  III Ifvel
environmental tests over and above the [ rllil 0111 Iel)tal

tests  I,crforlned  as acceptarlce  tests for the arrays
Ihernstlves. Second,  Ille arrays can not easily be
accessed for testing. As a result  of these problems, an
ari ay tur~cti onal test  i)larl was developed which relies
upcm a series of passive “health” checks of the arrays.
l“tlc {Jri{linal fur}cticmat  test plarl included these checks to
bc rllrl  initially arid tt}cn after  any major environmental
traLlllla.

l“flis plaIJ was based upori  experience and two sources of
inforlnation.  1 Ile first solJrce [1] states, “The testing of
the dark for ward solar cell array characteristics has
receivccl considerable attentiorl  for two reasons: (a) solar
sirl!Lilalors  which illuiniriatc  large areas or volumes
sLlfflcierMy  ullifornlly so ttlat a r r a y s  m o u n t e d  t o

spacecraft can bc meaningfully tested may not be
avail at,lc, and (b) Ialgc  articulated, oriented arrays already
inte~rated  tcl a spacecraft and mounted in a stowed
Cor]dition  cannot t,c readily Lmfolded  for testing. The
dark f[,rward  test rnctliod  is the only presently known
rnct}lo(i which isappticable  for these cases.” lhe second
sc,urcc [ 2 ]  statt:s, “ll~c  d a r k  f o r w a r d  c u r r e n t
measulcmerlt  i s  a  [~owcrful alternative method to
dctclnline  the charac:tcristics  of solar cells, arrays and
generators. AkhoLlgtl tllcrc  is a direct relation between
dark c[lrrerlt cllarac(eristic  and lV-characteristic,  the dark
cLulcnt  measurmnerlt  docssay nothing about the current
gcwcration under illLJnlinated conditions. Therefore this
mettioii  will bc preferat)le  (sic) used for generators that
Iwvc  :,’rcady t,ccnnlcasurcd With SOlar  SinlLJlatOrS  under
col]diti,  ]lls, w h e r e  Itle  ap~llication of light is not
reasorl !ble e . g . in test cl~ambers or  in transport
Lx)lltair)(,r  s.”

MARS PA1 Ill lNDt  t{ REQUIREMENTS

The cxpostJrc  to environmental and transportation
stresses raises all chvious  concern over the health of the
arrays. However, afiw irltegration  there is no longer any
practi(.al  or econcmlical  way to perform illuminated tests.
Ttlc LJs~lal  way to address tt~is concern is to perform a
visLl:il inspection al)d a continuity test of the array
stri[}gs, A vistJal  inspection is not feasible on Mars
Patllfir,  (lcr Ianclcr  and Microrover  solar arrays. Due to the
possitillity  of biolo~ical contamination, a plastic biological
cor~tal)}ination  banicr film is placed on these arrays



Inaldng them very difficult to inspect. A  { f:ll  Stliflfl
continuity test also has serious Iimitaticllls  siII(..; II (IIIIS
checks for tl)e  presence of a conductive paitl  i+l)d gi \,cs

no information as to whether or not ttwtc has Imr  ill]~

electrical insulation degradation or any CCII  {.ra~  I.tr!;j iil}(i
attendant loss of effective cell area.

SAGSLT  DEVELOPMENT

Inorcfer  toperform  tllearray health  checks  anci I~ICI:I tl~[
other project constraints such as test ti(il(, ii t~~i)~

decicied  to build a SAGSE1-, l - h e  ori{lill;)l 5P.I’;S,l  1
hardware consisted of  a  control  cor~il,Llte{, t )I,ic:tj
incorporated two relay boards with 32 r(’tays t ,IC II aI IP
two digital rnultimetcrs  (DMMs);  and a s[iIara[[:  t) [I{ Ila I
power supply which was IEEE-488  bus colli[,atii>’(. ‘I tlis

equipment was designed to run a solar ::rl ,+y ():: ssiw
funct ional  test  ser ies consist ing of  ftvc oificr{rlt
functional tests:

(1) Positive and negative bus isolation f[om  SLIIXI  rate;
(2) String positive end isolation from sulbstrat< ;
(3) Forward conduction of array string Mockillil  dI(Id(s;
(4) Reverse leakage of array string blocking CIIWICC aIId

(5) Dark forward IV [DFIV)  curves of ea(.h arri:Y  s’iil[l.

It is very important to note that the fulwticowl  tt stirlg
described above requires that a special test COI  II Icci JI tw
assembled as part of the array and have the ftdlt.INII  ig
connections: one pin connected directly ICI III(.  Im itivc
end of each array string (not including the stritlg Ijlo: k~[lg
diode connecting to the positive bus); one pill CWIIN  c[tcl

to substrate ~round,  one pin connected to tlw  IIr{I ItI~e
bus; and one pin connected to the positive bus I tli -. t<st
connector can be standardized and used 10 a&+ III IIIe
SAGSET to a wide variety of solar arrays tl;+vir~g (III 1032
parallel cell strings.

[)urin~ a design review of tl~e SAGSET the abilil),  of [)1 I\/
testing to discriminate a good cell string f! ml] a (i III ILI:CI
cell string was questioned. A  c l o s e  ICadIIIO  o’ ttw

literat~lre cited above [1 -?] showed that tlwrc  I I ICI 1>(, II
earli[:r  concerns about ttle this problem. ‘It)is 1( (1 t(} a

search for alternate testir~g  methods.

SYS1 EM ANALYSfS

Corwicleration of Capacitance Testing

In an effort to develop an alternative test  Ivittl  1,.WCI
problems than the DI IV test it was decidcrf ttl~i ;: c ~.11
string capacitance test was an excellent candidatv 1 Ilis
became apparent when the results of previous w (II  k. !:{ !,]

on solar cell impedance and capacitance r~r(.zls~]r~rll~:llts
was considered. However, both the original [1[ IV a Id
the rmw capaci tance tests  still suffer fr{jlll  of I. I :t:.i(
problcln  - the impact of a loss of cell area ir~ [)I)L C,,II is
reduced by the remailing series cells in ttw strir  I:! ‘ tllrs

there developed two separate criteria for ttm CV,:  (I,[tit]l]

o f  :: f)assive  s t r i n g  twatth t e s t : sensitivity of the
mcasulemerrts  tc] array temperature changes,  and
Swwitiuity  c]f ttw  nleasLlrerrlerlts to a loss in cell area.
Evall  Jation of these  crile~ia are detailed below.

Tcnlperature  Sensitivity

[Jr IV rlmasurenlents  IIave  a tenlperature  sensitivity which
is about  -?. 1 nlV/series cell/° C, similar to the illuminated
o~!en  (.ircuit voltage (V,,, ) temperature coefficient. The
f~l IV I(,nlperature  sel~sitivity  ttlen  is -().23 ~0/OC when a
bias voltage  c~f 900 rllV  is applied across each series
GaAs/(+e  cell. ‘1 tw tenlpcrature  coefficient for GaAs/Ge
c e l l  c:tpacitarlc:e  w a s  m e a s u r e d  t o  b e  ().05  yo/Oc,

therr  fore tlwrc  is a fac:tor  of 4.6 temperature sensitivity
aclvant~gc  for capacittince  nleasurernents.

Cdl Area  I oss Sensitivity

Cell ar(a losses of 25% and 50% were considered since
the I(ISS of less than 25% is not too serious and the loss
of nlorc tllarl  500A, woLJld  probably result in an open
string cl[Je tc~ t}~e cell intercclrlnect  conf igurat ion.  The
modcllccl serlsitivity  c)f the Df IV voltage to damage on a
sirlgl(, o?ll irl a 40 cell series string is about i 0.0450/0 for
a  ~~,~o area ICISS  and + 0 . 1 1  ?40 f o r  a  5 0 %  a r e a  10ss.

S i m i l a r l y ,  t h e  rnodellecl  sensit iv i ty  of  the str ing
capa[jitance  to dama[Je  or I a single cell in a 40 cell series
stlil~[l is abc)Llt  -().83% for a ?5~0 area loss and -2.44Y0
for a 50CY0 area loss. l’tlis  gives a factor of 18.4 to 22.2
cell fires Ic)ss sensitivity advantage for capacitance
measurements.

Othm Capacitance Tcsling  Advantages

1 here are some other testing considerations besides the
eval Llaticm  criteria statccl above.  A DFIV  test requires the
generation of a voltage sweep from zero to the string VOC
and ttw collec(ic)r~  of a rlLm~bcr  of data points. Even
ttlough  tile  clata is generated by the same test equipment
eact~ tilllc there will be differences in the data sets which
will I{qtlilc  ilterpdatiotl rather than a direct one-to-one
col~)~larisol] of ttle  data. 1 tle [)1 IV test also requires tt]at
tlw c[?II stri[lg be [N; biased up to the string VOC  while a
ca~mcit.llicx  test is ctcj[le wittlcwt  a DC string bias and
only :; 10 01 20 kt{z,  2 Vf\MS test voltage is requirecl.

Capacilal)ce  l’esting  [Jisaclvantagcs

1 he Solijr array must t,e in total darkness when the string
capacitance is measured, while this is not necessary
whcl~  performing tile  [)F IV test. This is likely to be
irlcorlvcilient  in some situations. However, this must be
dolw tcl assure good repeatability of t}}e measurements
by preventing any cell-gel~erated  voltage bias which, in
turl}, v.ill dircctiy il}flmmcc  the measured str ing
capac@rlcc.



LABORATORY RESli[  1 S

Silicon Array Tests

DFIV:  A37ccll (45.6 cmZ)series  string silic{,ll f:!,f{ailay
wastcsted  using a dark forward test cljrlell~  Oi [{()[;  1111/;

and a dark forward voltage at 25 ‘C of 558 rrlVmt:lcs
cell. The temperature sensitivity y of -0.3!, ‘}[/’> ( \cJas
measured, equivalent to about -2 mV/series c.t:ll/”( “1 II(
change in voltage at the test current was .I (),1 $:() f, I ::
50% cfamagcd cell.

Capacitance: The same 37 cel l  s i l icon arl;,y u:as
capacitance tested and showeda 0.23 °/(/( ’(: tcr IIIIc at. rIc
sensitivity, somewhat higher than other sill(,c]{l [:S[{  [:(11s
The measured change in string capacital,ce  I(,I a !~{)’~{
damaged cell of -2.94%, 1 his compares vel y V,(I  v. 1111
the calculated string capacitance change c,f .2 (I:{,,

GaAs/Go  String Tests

A 4 cel l  (4  cm2)  s e r i e s  s t r i n g  GaAs/(ic  arri,  y was

assembled and capaci tance tested.  ~ lr~dli~id~la) (.cII
capacitances ranged from 423 to 465 n~. Abe.  n !, 9[ of
the area of ttle  lowest cell was removed whi(.11 It,: I.Iltcci
in a measured change in cell capacitance of 4 ,[;’I c} aIIcl
a change  in string capacitance of -1 .4 6%. Agili l,,  IIIC

measured value conlpares  nicely with tl~e C; II C:~I aI ( d
string capacitance change of -1 .2!5~0.

OPERATIONAL RESULT S

Modification of the SAGSET Configuration,

As a  resul t  of  the review and furttwr armlysi:  II I(:

SAGS[T was modified to add an IEE[-4[;  EI c(],r)~,,tit,lu
RCL impedance meter with the capability of nlc ,+slri,}g
both parallel and series impedance compc~ilcn(s, A IIICI[  L
diagram depicts the layout (see f ig. 1). ‘1 tic 9,( ,S1 I
functicma[ test plan now consists of seven (ilfferei)t  Its!:,

(1) Positive :ind negative bus isolatiorl  fr{,i,~  S~II~SII  aif.,
(2) String positive end isolation from sul,strat(;
(3) Forward conduction of array string blc~(.kirr{~  (Il[,:i(.;
(4) Reverse Icakage  of array string blocking CII(IIIC;
(5) String continuity for each slrillg;
(6) Parallel capacitance and resistance fol cacl,  SI ir:!,
and
(7) Series capacitance and resistance for eac.11 StII I(I

25 mil,iles what a skilled technician could do manually
in tllrcc  hours, In ac{cliticl[lr  data collection accuracy and
data analysis  wcrt greatly  improved.

Because of the care irl array assembly, the SAGSET did
not Ilrlcover  any substrate shorts, diode failures or string
contin[lity  problems. 1 he strings requiring rework had
visu:ilty crac;ked  cells ancl n~c)derate current limiting was
dclcctvcl  rhJrirlg lhc electrical test with a solar simulator.
At S11(  II a low Icvcl of cell damage, the SAGSET test
data was  alr]b]guous.

in-t{ (me Test f{mults

Tlw  e{lgirtecvir)g  n)cdcl  for ttle rover  solar  array  w a s
tested ir~ a cerltrifLJge ancl parts movement caused some
cell (Iarrlagc to cmc string. When the array was tested
with tllc  SAGS[  1, tlw affected string had the highest
voltage an(i ttle Iowcst current readings in the string
corltinuity  twst. iri addition, it had the highest series
resistarlce  durir)g  lIIC series capacitance and resistance
test. “1 holJgll not Strikirlgly apparent, the results were
certairlly  not ambiguous and irldicated  possible problems.

Fault Prediction Captibility

1 he sequeiwing  of eactl  functional test is such that any
fa(llt  ttmt  will affect ttle results of a following test is
tested  first. In acicfiticm, specification files are built for
each tyl~e of scalar array to be tested, 1 hese files contain
irlfo(rnation  on tile required levels of applied voltage or
cunet~t  and the required pass/fail iinlits  for all of the
ful]ctio(wl  test meas(vcrnents

SAGSEI  ME ASUREME’NT  CAPABILITIES

Voltage and Cur[cmt

lhc [IMMs are capaldc  of resoiving  1 UV and have an
accwac.  y clf (1.03% IIIWS  6 times the resolution. They
call thercfc,  re read 100 UV to an accuracy of 160A.
Cur!erN  readings are the voltage measured across a
wirewo~md  10 olIIn, 10 W  r e s i s t o r .

Capacitance oncl [resistance

_Ihe RC[ rnctcr II:IS arl accuracy of 0.1 % or about 1 pF,
whictle~rcr  is greater. 1 he cai~acitancc  of the 25 foot
tesl  cat)lc  is automatically rrulled-out at the start of a test
and ttw Inctel  is il]tcrtmlly  calibrated when turned on.

Field Test Results
SACiSE 1“ SAF E1’Y FEATURES

Upon completion of the SAGSET, it was rrlovcd t{ tiw
solar array contractor’s facility. Followi(~g  fill:-cl i:n(l~
assembly, baseline measurements were rlwrlc usir l{, t 11(-
SAGSET  and a soiar simulator. Sinlilar  tests  v~ere  IIltIIi  L

after environmental testing ancl any newssirry ;:(rl. f
reworking. Considerable enthusiasm cievelc~r,ccl  ICII tl I{
SAGSE1 , because it would autcm~atically acc.on~pli:.tl I( i

[or s:, f(ty, tile  bipc,lar  power supply (see Fig. 1 ) has
built-irl currc(lt  ar~d voltage limiting and the output is
f~Jscc~,  III adcliti,-,rl,  tlIc  bipolar power supply output has
ov~r t’oltaoe  PI ot(’clicm fc]r bottl outp~lt  p o l a r i t i e s  a n d
t~lockillg dic)cics  arc employed in ttle  test circuitry to
preverit  irlacivcrlcnt  vc)ltage  reversal.
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CONCLUS1ONS

I -. .—

I ig[uc “I , SAGS(  I Block [)iag[anl

1 he SAGSE1 was a very successful flls( at i,: II,,t at
computer iz ing a  number  of passive sol:~r ar[::}’  [C ..ts
which are usually  done manually, I t  (all Ill: Slll[dy

adapted to testing a wide variety of solar :l~r;l}$  ii tllty
are fitted with a standard test connectol. Il]r tillk~

r e q u i r e d  for a full series of tests,  25 rljirlul.{.  s, 1: f)!ly
about one-sixth the time required to do tlICIII  I])it\l  1:111 )/,
Autonlatic  data acquisition eliminates errors ar~d l)rc ‘i{its
for the immediate analysis of the test cfai,  +, lIr  I ::(i(, II :11,

model il~g and test  resul ts  show strirl{f  C:,II,:I( i ,:1 ( c

meas(lrcnlents  to be about twenty times ITIO,C  :.,.11 ,11  ~~C

to cell area loss than the [>[ IV test. ltlis tl)al.(,s  it ( a ier

to detect problems due to cracked cells altll{,ugll  II]( ~, ,+IC
not easily identified by any known type of Ilassiv[: tt SIIi Ig
therefore visual inspection O f  t h e  ;*lf:ly is :,i  ill

recommended.
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